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Abstract

Formal approaches to modelling argumentation provide ways
to present arguments and counterarguments, and to evaluate
which arguments are, in a formal sense, warranted. While
these proposals alow for evaluating object-level arguments
and counterarguments, they do not give sufficient consider-
ation to evaluating the proponents of the arguments. Yet in
everyday life we consider both the contents of an argument
and its proponent. So if we do not trust a proponent, we may
choose to not trust their arguments. Or if we are faced with
an argument that we do not have the expertise to assess (for
example when deciding whether to agree to having a partic-
ular surgical operation), we tend to agree to an argument by
someone who is an expert. In general, we see that for each
argument, we need to determine the appropriateness of the
proponent for it. So for an argument about our health, our
doctor is normally an appropriate proponent, but for an ar-
gument about our investments, our doctor is normally not an
appropriate proponent. In this way, a celebrity is rarely an
appropriate proponent for an argument, and a liar is not nec-
essarily an inappropriate proponent for an argument. In this
paper, we provide alogic-based framework for evaluating ar-
guments in terms of the appropriateness of the proponents.

Introduction

When we consider an argument proposed by someone, we
normally consider both the contents of the argument and the
proponent of the argument. So, for example, if the premises
do not imply its claim, then we may choose to reject the
argument. Similarly, if the proponent of the argument has
no particular expertise in the topic of the argument, then
we may choose to reject the argument. Therefore reason-
ing about the appropriateness of a proponent is an important
step in evaluating an argument.

Our proposal in this paper is to augment representation
and reasoning with arguments at the object-level with a
meta-level system for reasoning about the object-level ar-
guments and their proponents. The meta-level system incor-
porates axioms for raising the object-level argumentation to
the meta-level (in particular to capture when one argument
is a counterargument to another argument), and meta-level
axioms that specify when proponents are appropriate for ar-
guments. The meta-level system isan argumentation system
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in that it supports the construction and comparison of meta-
level arguments and counterarguments. Thisalowsustoin-
tegrate the consideration of both object-level and meta-level
aspects of assessing an argument and its counterarguments
in the same argumentation system.

By formalizing appropriateness criteria as meta-level ax-
ioms, we can, or an agent on our behalf, perspicuously eval-
uate the appropriateness of the proponent for the argument.
So in addition to, or instead of, evaluating those object-level
arguments directly, we may consider the meta-level argu-
ments pertaining to the appropriateness of the proponents.
This also means that when we lack expertise in the area of
the object-level arguments, we can use arguments from ex-
pertsin a systematic way. But it also allows us to not auto-
matically acquiesce to an expert’s argument when we have
grounds to doubt either the argument and/or the appropriate-
ness of the expert. This also allows us to weigh up compet-
ing object-level arguments from different experts.

In this paper, we show that a logic-based argumenta-
tion system can be extended with meta-level reasoning
about the appropriateness of proponents. We will build on
the proposal of (Besnard and Hunter 2001), but the ideas
are intended for use with any logic-based proposa (e.g.
(Prakken and Vreeswijk 2002; Amgoud and Cayrol 2002;
Garciaand Simari 2004; Dung, Kowalski, and Toni 2006)).

L ogical Argumentation

We assume that we can start with a large repository of in-
formation, represented by a set of formulae A, from which
logical arguments can be constructed. There is no a priori
restriction on the formulae in A, and so A can be inconsis-
tent, and individual formulaein A can be inconsistent.

Given A, an argument is a set of formulae that can be
used to prove some claim, together with that claim. Each
claimisrepresented by aformula. We useaclassical (propo-
sitiona or first-order) language £ with classical deduction
denoted by . We use «, 3,7, . . . to denote formulae and
A, ® VU, ... todenote setsof formulae.

Definition 1. Anargumentisapair (®,a)st.: (1) ® C A;
2@t/ L; (3) D+ «; and (4) thereisno ' Cc ® st. '
a. We say that (P, o) is an argument for . We call « the
claim of the argument and ® the support of the argument.
Also let Claim((®, o)) = o and Support((®, a)) = P.



Example 1. Some arguments from the knowledgebase A =
{p(a), ~q(b), "Iz, y.r(z,y), vz.(p(x) — q(x))} are:

({p(a), Va.(p(x) — ()}, q(a))
<{_‘3x’ y.T(I, y)}v vz, y.—\r(x, y)>

Some arguments directly oppose the support of others,
which amounts to the notion of an undercut.

Definition 2. For an argument (®, o), an undercut is an
argument (¥, —(¢1 A ... Adyp)), St {d1,..., 0} C ®.

The following definition of a canonical undercut is a
“maximally conservative” undercut in the sense that the sup-
port and claim are the weakest possible for an undercut.

Definition 3. A canonical undercut for an argument (@, «)
is an argument of the following form (¥, =(¢; A ... A ¢,,))
where ® = {¢1, .., n }-

An argument tree describes the various ways an argument
can be challenged, as well as how the counterarguments to
theinitial argument can themselves be challenged, and so on
recursively.

Definition 4. An argument tree for « is a tree where the
nodes are arguments such that: (1) The root is an argu-
ment for «; (2) For no node (¥, 3) with ancestor nodes
(P1,51),- s (Pn, Bn) isP asubset of &; U--- U P,; and
(3) Each child node of a node A isa canonical undercut for
A that obeys condition 2.

The second condition in Definition 4 ensures that each ar-
gument on a branch has to introduce at least one formula
in its support that has not already been used by ancestor ar-
guments. Thisis meant to avoid making explicit undercuts
that simply repeat over and over the same reasoning pattern
except for switching the role of some formulae (e.g. in mu-
tual exclusion, stating that « together with =« vV =3 entails
- is exactly the same reasoning as expressing that 3 to-
gether with —« VvV =3 entail —«, because in both cases, what
ismeant isthat oo and 8 exclude each other).

In examples of argument trees, we abbreviate the claim
of each canonical undercut by the & symboal, sinceit is the
negation of the conjunction of the support of its parent.

Example 2. An argument treefor ¢(a) is:

{p(a),Yz.(p(x) — q(x) Vr(z)),-Fz.r(z)}, q(a))

1
{=3z.(p(x) — q(z) vV r(2))}, ©)

We now consider a widely used criterion in argumenta-
tion theory for determining whether the argument at the root
of the argument tree is warranted (e.g. (Garcia and Simari
2004)). For this, each node is marked as either U for unde-
feated or D for defeated.

Definition 5. The judge function, denoted Judge, assigns
either Warranted or Unwarranted to each argument tree T’
such that Judge(T") = Warranted iff Mark(A,.) = U where
A, istheroot node of T'. For all nodes A; in T, if thereis
child A; of A; such that Mark(A;) = U, then Mark(A4;) =
D, otherwise Mark(A4;) = U.
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So the root is undefeated iff all its children are defeated.
So for Example 2, we see that the root of the tree T' is de-
feated, and hence Judge(7T") = Unwarranted.

A complete argument tree (i.e. an argument tree with all
the canonical undercuts for each node as children of that
node) provides an efficient representation of the arguments
and counterarguments. Furthermore, if A isfinite, thereisa
finite number of argument trees with the root being an argu-
ment with claim « that can be formed from A, and each of
these trees has finite branching and a finite depth (Besnard
and Hunter 2005).

Meta-level Argumentation

We now consider a meta-level formalization of argumenta-
tion that adapts and extends the proposal by (Wooldridge,
McBurney, and Parsons 2006). We start by formalizing the
meta-language as a classical first-order language in which
formulae of the object language can be encoded. Each term
in the object language is a term in the meta-language, and
each formulain the object language is encoded as aterm in
the meta-language. In order to makethe presentation clearer,
we use teletype font for examples of predicate symbols in
the meta-language. We assume that the meta-language is
not typed, and therefore the language makes no distinction
between terms that are object-level formulae, and the other
terms: If x is an object-level variable, then x is a meta-level
variable; If x isameta-level variable, then = is a meta-level
term; If s is an object-level logical, predicate or function
symbol, then s isameta-level function symbol; and If f isa
meta-level function, and ¢4, . . ,t,, are meta-level terms, then
ft1, .., t,) isametelevel term.

Using this set-up, each object-level argument can be rep-
resented as a meta-level term where (...) is treated as a
meta-level function symbol, and {...} is treated as a meta-
level function symbol. For example, suppose ({b,b — ¢}, ¢)
is an argument using the object-level language, and arg isa
monadic meta-level predicate symbol denoting an argument,
then the following is a meta-level formula.

(F1) arg({{b;b — c},0))

We can use meta-level formulae to construct meta-level ar-
guments. For example, the following is a simple argument
at the meta-level.

{({arg(({b,b — ¢}, ¢))}, arg(({b,b — ¢}, 0)))

If we also assume equality, then we have the following
dlightly more complicated meta-level argument.

({arg(({b}, bv C>)7 ar = <{b}7 bv C>}v arg(a7)>

The above example hints at how we can take argumenta-
tion using the object language and mirror it using the meta-
language. To do this, we propose the following meta-level
axioms (M, — M3) that are intended to quantify over object-
level arguments represented as meta-level terms. The first
specifies that if = is an argument, then z is acceptable, the
second specifiesthat if x is acceptable, then x is warranted,
and the third specifies that if x5 is acceptable and x5 un-
dercuts x4, then z; is not acceptable. For the axioms, we



assume the meta-level predicate symbols acc for accept-
able argument, wnt for awarranted argument, and ucut for
one argument undercutting another argument. Also, as we
only give examples of universally quantified meta-level ax-
ioms with quantifiers outermost in this paper, we will omit
the quantifiers to simplify the presentation, and we will use
w, ..., z, perhaps with subscript index, as variable symbols.

(My) arg(x) — acc(x)

(M3) acc(z) — wnt(x)

(M3) acc(y) Aucut(y,z) — —acc(z)

From now on, the support of a meta-level argument will
be represented by the labels of the formulae rather than the
formulae themselves. For example, using formulae F; and
M, we have the following argument.

<{F17 Ml}v aCC(<{b7 b— C}a C>)>

Using the meta-level axioms, together with some atoms that
delineate the arguments, and the undercut relationship be-
tween them, we can present an argument tree that uses the
object-level language in an isomorphic argument tree that
uses the meta-language, asisillustrated next.

Example 3. Consider arguments a1, as, and ag, and the
tree T" where a; istheroot, as isthe child of a;, and a3 is
the child of as,.

(a1) ({Va.p(r) — Vr.gq(z), >
(a2) ({3z.(-p(z) Ar(2))}, ©
(a3) {Vo.—r(z)}, )
This can be represented by the meta-level atoms: (F3)
arg(a1); (F3) arg(as); (Fy) arg(as); (F5) ucut(az,aq);
and (Fs) ucut(as,az). Hence, we get the following argu-
ment tree using the meta-language which isisomorphic with
the argument tree 7.

{Fy, My, MTQ}, wnt(a1))

Jz.—p(x)}, Ve.q(x))

({F3, F5, My, M3}, <)

T
({Fy, Fs, My, M3}, <)

In general, we have thefollowing result that showsfor any
argument tree using the object language there is an isomor-
phic argument tree that uses axioms M; — Ms.

Proposition 1. Let 7" be an argument tree where the support
and claim of each argument in 7" uses the object language
and theroot of thetreeisa;. If A’ is a knowledgebase that
contains M; — M3 and exactly the atoms specified as follows
e arg(a;) € Aliffa; isanodein T

e ucut(a,;,a;) € Aiffajisachildof a; inT

then there is an isomorphic argument tree 7" for wnt(a;)
where the support of each argument in 7" is a subset of A’
and Judge(T') = Judge(T") .

Now we can explore the advantage of considering argu-
mentation using meta-level axioms. Essentially, we can in-
troduce extracriteriainto the definition of warrant and/or the
definition of acceptable, and we can then use further meta-
level knowledge to reason with these axioms. In the rest
of this paper, we will consider alternative definitions for ac-
ceptable with aparticular focus on formalizing the appropri-
ateness of proponents for arguments.
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L ogical For malization of Appropriateness

In order to reason about the appropriateness of proponents
for arguments, we reason about the proponents and their ar-
guments at the meta-level. If proponent p has asserted argu-
ment a (where a is of the form (®, o)), the meta-level atom
ast(p, a) representsthis. To reason with these ast facts, we
assume a knowledgebase, called a metabase, that is a set of
meta-level formulae. Our approach is based on the follow-
ing simple axiom M, in our metabase that saysif proponent
x has asserted argument y and « is an appropriate proponent
for y, then y is acceptable.

(My) ast(x,y) Aapp(z,y) — acc(y)

In the rest of this paper, we will use M, for our definition
of acceptable instead of M, given earlier. To use the axiom
My, we assume that for a particular p and q, if ast(p,a)
holds, then we have ast(p,a) explicitly as a fact in our
metabase. So the flexibility comes in how we define the
app predicate. For this we assume further axioms in our
metabase. Different applications call for different axioms.
But once the core axioms have been fixed, then any argu-
ment o by any proponent in that domain can be consider as
to whether it is an acceptable argument (i.e. whether acc(a)
is undefeated).

Apart from the above axiom My, plus M, and M3 given
earlier, we are making no further constraints on what first-
order formulae can appear in a metabase. Thereisamyriad
of possible axioms we may consider. For a simple example,
we may consider that if = isaliar, then for any argument y,
2 is not an appropriate proponent for y as follows.

(Ms) 1liar(z) — —app(z,y)

As another example, we may think a celebrity is appro-
priate for any argument they assert asfollows.

(Ms) celebrity(x) — app(z,y)

So supposing we aso have the facts (F7) ast(c, a) and (Fg)
celebrity(c), then we get the following argument.

<{F7, F87 MQ; M4v MG}vwnt(a»

For many arguments, just being a celebrity is not sufficient
for being an appropriate proponent for an argument. We may
therefore prefer to have the following more restricted axiom
(instead of Mg) that restricts the appropriate arguments to
being about “showbiz”. Here, we let topic(a, showbiz)
denote that the topic of argument a is showbiz.

celebrity(z) A topic(y, showbiz) — app(z,y)

While we impose few specific constraints on what is in a
metabase, the aim is to just have formulae in the metabase
that are relevant to either deriving arguments using M, asa
premise, and wnt(a) as a claim for object-level arguments
a, Or to derive rebutting or undercutting arguments to those
arguments, and by recursion undercuts to undercuts.

Example 4. Consider the metabase A with AM,, Ms,
M, and M; plus the following meta-level atoms. (Fy)
ast(p1,a1); (Fio) ast(pz,a2); (Fi1) app(p1,a1); (Fi2)



app(p2,a2); (Fis) ucut(ag,a1); and (Fia) liar(ps).
From A, we get the following argument tree.

({Fo, F11, M2, My}, wnt(ar))
<{F107 F123 F137 M37 M4}7 <>>

:
({Fi4, M5}, ©)

We cannot guarantee that for every argument tree using
the object language, there is an isomorphic argument tree
that uses My, M3 and M. Consider Ex. 4, where there are
only object-level arguments a; and as, as undercuts aq, and
ay isdefeated, but at the meta-level thereis ({F14, M5}, <)
which allowswnt(a;) to be the claim of the undefeated root
argument. However, we do have the following which identi-
fies an isomorphic subtree obtainable from the metabase.

Proposition 2. Let 7" be an argument tree where the support
and claim of each argument in T uses the object language
and theroot of thetreeisa;. If A’ is a knowledgebase that
contains only M, M3 and M, and exactly the atoms speci-
fied as follows where p;, a; and a; are constant symbols.

e ast(p;,a;) € A’iffa; isanodeinT
e app(pi,a;) € A’ iffa; isanodeinT
e ucut(a;,a;) € Aliffa;isachildofa; inT
then there is an isomorphic argument tree 7" for wnt(a;)
where the support of each argument in 7" is a subset of A’
and Judge(T') = Judge(T").

Using the State function on a meta-level argument A, we

get a set of ground literals as follows: State(A) = {¢ |
Support(A4) F ¢ and ¢ isaground mete-level literal }.

Example 5. Consider 7' given in Example 4. Let the
root be by, the child of b; be by, and the child of b, be
bs. Applying the state function, to each of these meta-
level arguments, we get the following atoms. State(b;) =
{ ast(p1,a1), app(p1,a1), acc(ay), wnt(ay) }, State(bs)
= { ast(pe,az2), app(p2,az), acc(az), ucut(as,ay),
—acc(ay) }, and State(b3) = { liar(ps), 7app(pe, az) }.
The state of each argument provides a summary of the
essential points arising in the meta-level argumentation.

Propertiesfor Expert Argumentation

In this section, we consider four key criteria, adapted from
(Walton 2006), for delineating good expert argumentation.

Qualified proponent The expert is suitably qualified in the
field of the argument being proposed.

Confident proponent The expert offers sufficient confi-
dence in the argument being proposed.

Best argument The argument by the expert is better than
any competing argument by any expert.

Safe argument No counterargument to the expert's argu-
ment has been overlooked.

In order to formalize these criteria as general properties
for any argumentation system, we need to introduce the no-
tions of a constellation and a filter. A constellation, de-
noted F, isageneral notion that isintended to represent a set
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of arguments that can arise either in abstract argumentation
frameworks or in logic-based argumentation. For instance,
in Example 4, let E; be the set of argumentsin the tree, and
let E5 be the set of undefeated arguments (i.e. the root and
leaf). As another instance, consider abstract argumentation
given by a graph (Dung 1995), and so there is a constella-
tion E that contains all the nodesin the graph, and then there
are constellations F; that are each defined using one of the
notions of extension such as preferred or stable.

Definition 6. Let C bea set of constellations. Afilter onC is
atuple (@, C, B, S) suchthat @, C, B, and S are functions,
and for each E € C, Q(F), C(E), B(E), and S(E) are
each a subset of F.

A filter isavery genera definition, but we seein the fol-
lowing definition how a filter can be defined so that Q(FE)
isthe set of argumentsin E that have a qualified proponent,
C(FE) isthe set of argumentsin E that the proponent is con-
fident about, B(E) is the set of counterargumentsin E for
putative best arguments in E, and S(E) is the set of coun-
terargumentsin E for putative safe argumentsin E.

Definition 7. Let C be a set of constellations, and let F =
(Q,C,B,S)beafilteronC.For E€Cand A € E,

e A hasaqualified proponentin E wr.t. Fiff A € Q(E)
e A hasaconfident proponent in E wr.t. Fiff A € C(E)
e Aisabest argumentin E wrt. Fiff B(E) =0
o Aisasafeargumentin E wrt. Fiff S(E) =0

We say A isa good expert argument in ' w.r.t. F iff A
has a qualified proponent, has a confident proponent, is a
best argument, and is a safeargument in £ w.r.t. F.

In general, we can define afilter according to agiven con-
stellation. So for example, if we are given an abstract argu-
ment graph (Dung 1995), or an extension of it, we may be
ableto specify afilter for it so that the above properties hold
(asillustrated next).

Example 6. Consider (d;) “ The neighbour says that it is
a mole because it has looked like that for years’, and (ds)
“The oncologist says that it is a melanoma because it has
features not seen in moles’ . For the argumentation frame-
work with d; and dy such that d; attacks dy and d, at-
tacks d,, consider C = {Fy, E5, E5} where E; = {d;},
E; = {d»}, and E5 = {d1, d2}. By reading the text of the
arguments we may agree to the filter  in the following ta-
ble: For E1, d; is confident but not qualified, and there are
no counterarguments for d; in Fy; For Ey, dy is confident
and qualified, and there are no counterarguments for ds in
Es; Andfor E3, dy isconfident but not qualified, ds is qual-
ified and confident, d- is a counterargument for d; being a
best argument (but not vice versa), and d; is a counterargu-
ment for d, being a safe argument (and vice versa). So ds is
a good expert argument in E5 wir.t. F. There are no other
constellationsin C with a good expert argument.

E; QL) | C(E:) | B(E:) | S(E:)
E, = {di} 1] {di} [ ]
Ey = {ds} {d2} {d2} 1] )
Es ={di,d2} | {do} | {d1,d2} | {do} | {d1,ds}




The above example illustrates that for abstract argumen-
tation, when arguments are atomic, it is difficult to define
filters systematically. When the arguments are atomic, there
is no structure to the notation of them that describes the ex-
pertise of the proponent, the confidence the proponent has
in the argument, etc., and therefore afilter is an extra piece
of knowledge that has to be provided by the user. What we
really want is to be able to define afilter systematically for
agenera class of constellations and then ascertain whether
the properties for good expert argumentation hold.

We also need to consider the inter-play between the choice
of constellation and filter, and the notion of extension, in
finding good expert arguments. For instance, we may want
to find the arguments with appropriate proponents before
taking the counterarguments into account (so, in the exam-
ple, if weselect 5, wereject theargument d; by the unqual-
ified neighbour before considering the remainder). How-
ever, we do need to also ensure that the appropriateness of
those proponents is undefeated.

To address both the need to be systematic in defining fil-
ters and the need to consider counterarguments (for the con-
tent and proponent of each argument) in this process, we use
our meta-level axiomatization of appropriateness.

Formalization for Expert Argumentation

We now consider two axioms that allow for reasoning about
the appropriateness of experts for an argument. The axiom
M specifiesthat aproponent for an argument is appropriate
if the topic of the argument is in the scope of the role of the
proponent. For this, we use the meta-level predicates role
(for proponent x hasrole y) and scope (for the scope of role
y coverstopic w).

(M7) topic(z,w) Arole(x,y) A scope(y,w)

— app(z, 2)

Example 7. Fromthe following meta-level atoms (where gp
denotes “ general/family practitioner”) (Hy) ast(pi,a1);
(Hs) topic(ay, infarction); (Hsz) role(pi, gp); and (Hy)
scope(gp, infarction); we get the following argument.

(n1)  ({Hi,Ha, Hs, Hy, M>, My, M7}, wnt(ay))

For our next axiom Mg, we assume that in some situa-
tionsit is possible to have two arguments, where one is not
undercutting nor rebutting the other but accepting one re-
quires rejecting the other. For example, consider the fol-
lowing two informal arguments. Here we may choose to
define arguments concerning the prescription for apatient to
be competing if the prescriptionisdifferent and so herethese
arguments are competing with each other. For this, we use
the meta-level predicate competing for when arguments i,
and y, in some sense conflict.

e The patient has high blood pressure therefore we should
prescribe betablockers

e The patient has high blood pressure therefore we should
prescribe diuretics

The axiom Mg states that an argument is not acceptable
when there is a competing argument by a proponent who is
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more qualified. For this, we assume that proponents can be
ordered according to their qualifications. For example, acar-
diologist is more qualified than a gp for any arguments con-
cerning cardiology, and agp is more qualified than alayper-
son with respect to any arguments concerning medicine. For
this, we use the meta-level predicate outrank (for propo-
nent xo being higher ranked than proponent x4 ).

(Ms) ast(w2,y2) Nacc(yz) A competing(yi,ya)
A outrank(zg, z1) — —app(Z1,y1)

Example 8. Continuing Example 7, we add the follow-
ing meta-level atoms to A: (Hj) ast(pe,as2); (Hg)
topic(ag, infarction);  (H7) role(pe,cardiologist);
(Hs) scope(cardiologist,infarction); (Hy)
competing(ay,as); and (Hig) outrank(ps,p;). From
this, we get the following undercut for n;.

(n2) ({Hs,Hs, H7, Hg, Hy, H1o, My, M7, Mg}, <)

Hence, the tree T, with n; as root and ny as child is such
that Judge(7>) = Unwarranted.

Even though an argument has been proposed by an ap-
propriate expert, there may be object-level arguments that
undercut it (asillustrated next).

Example 9. Continuing Example 8, we add the fol-
lowing meta-level atoms: (Hii) ast(pi,as); (Hiz)
topic(as, infarction); and (Hy3) ucut(as, as). Hence, we
get the following.

(Tlg) <{H33H47H117H127H13?M37M47M7}7<>>

Hence, thetree T3 with n, asroot and ny aschildton; and
ng aschild to ny issuch that Judge(T3) = Warranted.

So by using axioms My, M3, My, M,, and Mg, in our
metabase, we can analyse object-level arguments and their
object-level counterarguments, aswell as analyse the appro-
priateness as experts of the proponents of those arguments.

Now we provide a systematic way of defining afilter for
when we have a metabase that includes Mo, Mz, and M.
Definition 8. For an argument tree 7' constructed from a
metabase including Ms, Ms, and My, let E be the set of
arguments occurringin 7', and let 7 = (Q, C, B, S) bethe
filter obtained as follows.

QE) ={Aec FE|Claim(A) & 3z, y.app(z,y)}
C(E) ={Ae FE|Caim(A)+tF 3z,y.ast(z,y)}
B(E) ={Ae€ FE|Claim(A4)}F 3x,y.—app(z,y)}
S(E) ={Ae€ F|Claim(A)F Jy.macc(y)}

Thisfilter ismotivated asfollows. A meta-level argument
Aisin Q(E) when there is an object-level argument a and
a proponent p st. app(p,a) € State(A), and hence A is
an argument for p being a sufficiently qualified expert for
proposing a; A meta-level argument A is in C'(E) when
there is an object-level argument a and a proponent p sit.
ast(p,a) € State(A) and hence A is an argument for p be-
ing confident in proposing a; A meta-level argument A isin
B(E) when thereis an object-level argument « and a propo-
nent p st. —app(p,a) € State(A) and hence A is a coun-
terargument for p being a sufficiently qualified expert for
proposing a; And ameta-level argument A isin S(E) when
thereis an object-level argument a st. —acc(a) € State(A)
and hence A is a counterargument for a being acceptable.



Example 10. Continuing Ex. 9, with thefilter given in Def-
inition 8, consider F; containing all the arguments (i.e. E;
= {n1,n9,ns}), and £ containing all the undefeated argu-
ments with a; asaterm(i.e Fx = {n1}). Snce Q(F;) =
C(E1) = {n1,n2,n3}, B(E1) = {n2}, and S(E1) = {ns},
thereisno good expert argument in E; wir.t. F. In contrast,
Q(FE3) = C(E2) = {n1}, and B(Ey) = S(F2) = 0, and so
ny isagood expert argument in E5 wir.t. F.

This example illustrates how undefeated arguments can
be good expert arguments, and the following formalizes how
warranted arguments are good expert arguments.

Proposition 3. Let A be the knowl edgebase containing only
axioms M,, Ms, My, M, and Mg and ground atoms.
Let T be an argument tree constructed from A with the
claim of the root being wnt(a) for some object-level ar-
gument a. Let E = {AisanodeinT | Mark(4) =
U and a isa constant symbol in Claim(A)} and F is given
by Definition 8. So Judge(T") = Warranted iff wnt(a) isa
good expert argument in £ w.r.t. F.

This result ensures that for an object-level argument,
wnt(a) is not a good expert argument if there is an unde-
feated object-level counterargument to a or an undefeated
counterargument to the proponent of « being appropriate.

We can generalize the result by adding further axioms to
the metabase. For instance, the following axioms give fur-
ther criteriafor when a proponent for an argument is not ap-
propriate, where vestedint(z, z) denotes proponent  has
vested interests in topic z, and inexp(z, z) denotes propo-
nent x isinexperienced in topic z.

(My1) topic(y,z) Avestedint(zx, z) — —app(z,y)
(Mi2)  topic(y,2) A inexp(z, z) — —app(z,y)

Also we can generalize the above result by adding axioms
to A to alow inferring some of the meta-level atoms. For
example, assuming apartial ordering over roles, and then by
trangitivity, and the role atoms, infer the outrank atoms.
Similarly, the topic, role, and scope predicates can in-
volve subsidiary axioms (e.g. we may axiomatize so that if
argument a is on the topic of cancer, and a is on the topic
of surgery, then a ison thetopic of cancer surgery).

Discussion

In this paper, we have made the following contributions:
(1) A framework for meta-reasoning about object-level ar-
gumentsthat allowsfor the presentation of richer criteriafor
determining whether an object-level argument is warranted
and these criteria can draw on meta-information about the
arguments including the proponents and provenance of the
arguments; and (2) An axiomatization using this framework
for reasoning about the appropriateness of expert proponents
for arguments, and shown how it can conform to some pro-
posed properties for good expert argumentation.

Our proposa also offers a potentialy interesting logic-
based representation and reasoning framework for capturing
the argument schemes of (Walton 2006). Furthermore, by
representing them as meta-level axioms, competing schemes
may be used by constructing and comparing arguments that
incorporate the axioms representing the schemes.
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Because we want to draw out the object-level and meta-
level features of argumentation, in particular to infer per-
Spicuous reasons to accept or reject an argument in terms of
the content of the (object-level) argument and of the propo-
nent of the argument, we have not proposed a graph-based
approach with atomic arguments. Nonetheless, propos-
als such valued-based argumentation frameworks (Bench-
Capon 2003), potentially offer illuminating semantics for
axiomatizations and/or filtersin our framework.

Whilst, our proposal has been presented using a particular
existing proposal for argumentation for both the object-level
and the meta-level, it would be straightforward to use alter-
native proposals for argumentation (e.g. (Garciaand Simari
2004; Amgoud and Cayrol 2002; Dung, Kowalski, and Toni
2006)), perhaps harnessing encodations from (Wooldridge,
McBurney, and Parsons 2006; Wyner and Bench-Capon
2007). Note, also that the object-level arguments do not nec-
essarily have to confirm to the same argumentation system
as the meta-level. For example, we could obtain the object-
level arguments using defeasible logic, and then reason with
them at the meta-level using classical logic (or vice versa).
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